Objective: To examine the factors related to the decline of dietary variety among the rural community-dwelling Japanese elderly people and the implication on the planning of elderly people's nutritional improvement program in the future. Design: A prospective cohort study during 8-year follow-up from 1992 to 2000. Setting: This study was conducted in Nangai Village, a rural and mainly agricultural area of Akita Prefecture in the northern part of Honshu, one of four main islands in Japan. Subjects: A total of 417 elderly people (160 men, 257 women) who completed interviews and food intake frequency surveys conducted in 1992, 1994, 1996, 1998, and 2000 were studied. Methods: Dietary variety and variables potentially associated with dietary variety decline were identified from a face-to-face interview at the baseline and 8-year follow-up surveys. The dietary variety was measured using the dietary variety score (DVS), which covers the 10 main food groups in Japanese meals. Results: During the 8-year follow-up, 36.2% of the subjects showed a decline in dietary variety. Health characteristics also change among the 8-year follow-up and these changes have an effect on the decline of dietary variety. Significant predictors for decline in dietary variety included loss of spouse, deterioration in self-perceived chewing ability, and decrease in intellectual activity score. Conclusions: Loss of spouse, deterioration in chewing ability, and decline in intellectual activity may increase the risk of decline in dietary variety in community-dwelling Japanese elderly people.
Introduction
Previous longitudinal studies have reported that intake of a variety of foods by the elderly is associated significantly with lower risks of chronic diseases and all-cause and causespecific mortalities (Kant et al., 1993 (Kant et al., , 1995 Michels and Wolk, 2002; Seymour et al., 2003) . The dietary variety is a straightforward tool for screening and identifying people at nutritional risk, as well as a tool for monitoring response to nutritional, medical, and environmental interventions (Bernstein et al., 2002) . In addition, dietary variety has previously been found to be associated with energy intake, quality of a meal and biochemical measures of nutritional status in community-dwelling elderly (Kant, 1996; Drewnowki et al., 1997; Fung et al., 2001; Marshall et al., 2001) .
On the other hand, food intake decreases with aging (Vellas et al., 1997) , and the reasons for the decline in food intake are multifactorial (Morley, 2001) . When food intake decreases with aging, the possibility of a decline in dietary variety, which is evaluated based on food intake, is naturally high. Moreover, the characteristics of the subjects such as lifestyle and health status, which affects food intake may also change with aging. Therefore, clarifying the changes in dietary variety associated closely with elderly people's health status, the factor related to these changes, and the measures to be taken against such decline are important for comprehensive health maintenance of the elderly, their autonomy in the community, and prevention of bed confinement and dependence on long-term care.
Based on this background, we examined the factor related to the decline of dietary variety in the community-dwelling elderly people during an 8-year follow-up, with an aim to contribute to the planning of the elderly people's nutritional improvement program in the future.
Methods
Data source and study subjects The data for this study were obtained from the Longitudinal Interdisciplinaly Study on Aging conducted by the Tokyo Metropolitan Institute of Gerontology (TMIG-LISA), which is a long-term project aiming to verify the predictors of longevity and outcome and to identify factors accelerating or retarding the aging process. The study was conducted in Nangai Village, a rural and mainly agricultural area of Akita Prefecture in the northern part of Honshu, one of four main islands in Japan. In 1992, 934 residents of the village (375 men, 559 women) aged 65 years and over were registered.
A baseline survey including face-to-face interview and medical examinations was carried out from June to August 1992, and a total of 738 people were interviewed, accounting for 79.0% of 934 residents. This cohort has been followed by interview and medical examinations on a yearly basis using methods similar to the baseline survey. The subjects analyzed in this study consisted of a total of 417 subjects (160 men, 257 women) who completed the interview surveys and food intake frequency surveys conducted in 1992, 1994, 1996, 1998, and 2000. During the 8-year period, 381 people were lost to followup because of death, missing investigations in part, hospitalization, long-term absence, refusal to participate, and unknown cause. The disposition of subjects during the follow-up period is shown in Table 1 . The follow-up survey of TMIG-LISA has been performed annually from July to August every year since the baseline survey in 1992 until the present. Details of the survey such as the investigation methods and contents have been described in our previous papers (Shibata et al., 1997; Suzuki and Shibata, 2003) . Investigations in the TMIG-LISA were approved by the Ethics Committee of our research institute and informed consent was obtained from the subjects for each follow-up.
Change in dietary variety
In TMIG-LISA, a food frequency questionnaire of 15 food groups commonly consumed in Japan has been performed every 2 years since the baseline survey in 1992 until the present (Kumagai et al., 1999) . However, in order to evaluate dietary variety in food groups that constitute the dishes, we excluded the daily foods eaten by almost all the Japanese elderly, and they included the traditionally eaten staples; rice eaten with miso soup and pickled vegetables, bread, and noodles, totaling five food groups. The rationale is that rice, bread, and noodles are eaten as staple food in Japan; and rice eaten with miso soup and salt pickled vegetables is a standard meal pattern for the elderly. We considered that more precise evaluation of dietary variety would be achieved by excluding these common daily foods.
The dietary variety was measured using the dietary variety score (DVS) . DVS was assessed by a questionnaire of food frequency during 1 week, which covers the 10 main food groups in Japanese meals (meat, eggs, fish and shellfish, milk, dark-colored vegetables, soybean products, potatoes, fruits, seaweeds, and fats and oils). The response to each food group was either 'have eaten every day (a score of 1)', 'not eaten for 1 day or more (a score of 0)'. DVS was designated as the sum of the 10 food groups, such that a higher score (maximum of 10 points) would indicate a higher level of dietary variety. According to the surveys of Kumagai et al. (2003) based on a 5-year longitudinal study, higher dietary variety is associated with a reduced risk of a higher-level functional decline in community dwelling.
The change in dietary variety was classified into two group based on the change in DVS from 1992 to 2000. The change of DVS during the 8-year follow-up was summarized in quartiles and the cutoff point for change in dietary variety was defined as less than 25 percentile, which was equivalent to a score of À2 points. 'Decline' was thus defined as a change in DVS pÀ2 points, and 'nondecline' as a change in DVS 4À2 points in this study.
Predictors of decline in dietary variety
The variables used for this analysis were: gender; age; education; DVS in 1992; and changes in spouse status, new Decline of dietary variety among the Japanese community elderly J Kwon et al affected chronic disease, change in self-perceived chewing ability, change in higher-level functional capacity, and change in DVS during 8-year follow-up. Change in status of the spouse during follow-up period was classified as 'no change' when there was no change from the baseline situation and 'loss of spouse' when the spouse passed away between 1992 and 2000. Newly affected chronic diseases such as stroke, heart disease, hypertension, and diabetes were classified as 'yes' and 'no'. When a diagnosis of the disease was made during the follow-up period, although there was no history of such disease at baseline, the case was classified as 'yes'. Chewing ability was assessed by selfreporting. Self-perceived chewing ability was rated as 'good' for subjects who answered 'can chew anything' or 'can chew most thing', and 'poor' for subjects who answered 'do not chew much' or 'taking blended food'. Change in selfperceived chewing ability was classified into four group. People rated as 'good' in chewing ability in both 1992 and 2000 surveys were assessed as 'maintenance of good chewing ability'. People rated as 'poor' in chewing ability in both 1992 and 2000 surveys were assessed as 'no change in poor chewing ability'. People whose self-perceived chewing ability worsened in the 2000 survey compared with 1992 were assessed as 'deterioration of chewing ability'. On the contrary, people whose self-perceived chewing ability became better were assessed as 'improvement of chewing ability'. The higher-level functional capacity of our subjects was measured using the TMIG-index of competence (Koyano et al., 1988 (Koyano et al., , 1991 . This multidimensional 13-item index of competence comprises three subscales; 'instrumental selfmaintenance (IADL)', 'intellectual activity', and 'social roles'. The response to each item was 'yes' (able to do) or 'no' (unable to do). Each item was scored 1 for 'yes' and 0 for 'no'. The total score was designated as the sum of scores for the 13 items, such that a higher score would indicate a higher level of competence. Three sublevels of competence were also calculated; a score of 0-5 for IADL, a score of 0-4 for intellectual activity, and a score of 0-4 for social roles. The TMIG Index of Competence has been widely accepted and used in Japan. Based on the difference of the score for three sublevels of competence, the changes in higher-level functional capacity were classified into 'increased', 'unchanged' and 'decreased'.
Statistical analysis
We compared the baseline characteristics between participants and non-participants in the follow-up study using w 2 -test, and t-test. The w 2 -test, t-test, and paired t-test were used to compare the changes in demographic and health characteristics between the decline group and the nondecline group in DVS during the 8-year follow-up period. To investigate the relationship between changes in demographic/health characteristics and change in DVS during the 8-year follow-up, multiple logistic regression analysis was performed after controlling gender, age, scores of three sublevels of TMIG-index of competence in 1992, and DVS in 1992. All data were analyzed with the SAS software for Windows version 8.0 and the level of significance was set at 5%. Table 2 compares the baseline characteristics between participants and non-participants in the follow-up study. Compared to non-participants (n ¼ 321), participants (n ¼ 417) in the follow-up study were younger in mean age, were higher in educational level, had lower prevalence of a history of heart disease and diabetes, and had higher scores in the higher-level functional capacity (instrumental selfmaintenance, intellectual activity, and social role) at baseline. The mean DVS was 6.3 (2.4) points in participants and 6.0 (2.4) in nonparticipants out of a full score of 10, with no significant difference. Table 3 shows the relation between the changes in demographic/health characteristic and change in dietary variety during the 8-year follow-up period. During the follow-up period, 36.3% showed a decline in dietary variety as assessed by the DVS. Significant differences between subjects with and without dietary variety decline were found in three variables: change in spouse survival status, change in self-perceived chewing ability, and change in intellectual activity score during the 8-year follow-up period. Subjects with dietary variety decline had a significantly higher frequency of loss of spouse by death (P ¼ 0.027), deterioration in self-perceived chewing ability (P ¼ 0.001), and decrease in intellectual activity (P ¼ 0.030) compared to nondecline group. The scores of intellectual activity (P ¼ 0.004) and DVS (Po0.001) were decreased significantly in subjects with dietary variety decline than in those with no decline during the 8-year follow-up period. Table 4 summarizes the results of analyses by multivariate logistic regression models adjusted for gender, age, scores of the higher-level functional capacity (instrumental selfmaintenance, intellectual activity, and social roles) in 1992, and DVS in 1992 to identify the predictors for dietary variety decline during 8 years. Changes in spouse survival status, self-perceived chewing ability and intellectual activity were identified as predictors for decline of dietary variety with the following results: (1) loss of spouse (odds ratio ¼ 2.78, P ¼ 0.008), (2) deterioration in self-perceived chewing ability (odds ratio ¼ 3.31, P ¼ 0.009), and (3) decrease in intellectual activity score (odds ratio ¼ 2.02, P ¼ 0.020).
Results

Discussion
Clarifying the factors of decline in dietary variety closely related to elderly people' health status and considering countermeasures are important to promote autonomy of the elderly and prevent them from living in a bed-confined state.
Decline of dietary variety among the Japanese community elderly J Kwon et al However, knowledge of how dietary patterns change with age is limited because most dietary data are cross-sectional, in which people in one age group are compared with different people in another age group (Drewnowki and Shultz, 2001) . Furthermore, previous studies that investigated the dietary intake by follow-up survey (Drewnowki and Shultz, 2001; Wakimoto and Block, 2001) , generally emphasized health outcomes such as morbidity and mortality rather than age-associated changes in dietary habits. In addition, although dietary variety and its related factor change with aging, prospective data examining the relation between the change in dietary variety and changes in related factors are sparse. The significance of the present study is Decline of dietary variety among the Japanese community elderly J Kwon et al that we examined the change in dietary variety and the factors relevant to this change by conducting longitudinal surveys for duration of 8-years on the same group of elderly subjects. Before interpreting the results and establishing a final conclusion, some limitations of our study must be considered. First, among 738 people examined in 1992, 321 people (43.5%) were excluded from the analysis for identifying risk factors of dietary variety decline, because of missing data due to death, partial nonparticipation in investigation items, hospitalization and other reasons. The population that was excluded from analyses was older and weaker than the population analyzed using logistic regression. Therefore, the selection bias would have weakened the predictive value of each predictor for dietary variety decline in this study, suggesting that the actual predictive value might be even higher. Second, TMIG-LISA consists of three major disciplines: medical, psychological, and social sciences (Suzuki and Shibata, 2003) . Food frequency has been contained as a part of the medical history questionnaire. In this study, since a nutrient intake survey was not conducted, we cannot specify what kind of changes had happened in terms of the composition of nutritional values including protein, vitamin and energy. However a decline in DVS may suggest that the nutritive value might have deteriorated and changed into an unbalanced diet.
In this study, 'decline in dietary variety' defined as a decrease by two or more points on the DVS from 1992 to 2000 was observed in 36.3% of the subjects. In addition, the demographic and health characteristics as well as DVS also changed with aging during the follow-up period and these changes affect the decline in dietary variety. In a multivariate logistic regression analysis to identify the predictors of dietary variety decline during the 8-year period, changes in spouse survival status, self-perceived chewing ability and intellectual activity during follow-up were identified as significant factors.
Having identified the change of spouse survival status as a related factor, we suggest that teaching dietary management is necessary for those elderly people who have lost the spouse. Since dietary management and cooking are prescribed by gender role, the influence of spouse status on the change in dietary variety may be particularly strong for men. In terms of the influence of spouse survival status on health status, Erlangsen et al. (2004) have also reported that being widowed offers more obstacles for the oldest old men than it does for women.
Deterioration in chewing ability is one of the most important consequences of oral diseases and disorders (Locker, 2002) . A large number of studies have clearly demonstrated that self-perceived chewing ability is very important for the maintenance of good dietary habits in the elderly (Sheiham et al., 1999; Osterberg et al., 2002; Bartali et al., 2003) . Furthermore, Gordon et al. (1985) suggest that the presence of self-perceived chewing problems often is an indicator of altered food selection patterns in these older individuals, and that this may be a more reliable indicator than the quality of the dentition itself. However, we could know through this longitudinal study that chewing ability deteriorated with aging. People who are aware of weakened chewing ability tend to only take food that is easy to bite. As a result, the dietary variety worsens significantly (odds ratio ¼ 3.31, P ¼ 0.009). Fortunately, chewing ability is improved by suitable dental treatments such as dentures and implants (Bergendal and Magnusson, 2000; Bakke et al., 2002) . After that, however, dietary quality may be lowered in subjects with self-perceived ill-fitting dentures (Marshall et al., 2002; Sahyoun and Krall, 2003) . Furthermore, Allen and McMillan (2002) suggest that tailored dietary advice in addition to appropriate prosthetic rehabilitation may be required for these patients, and that further research is warranted. Intellectual activity as well as self-perceived chewing ability also changed with aging during the follow-up period. The results obtained are similar to those reported in other group of Japanese urban community . Change in intellectual activity is another significant factor of decline in dietary variety. The odds ratio for dietary variety decline becomes higher accompanying a decrease in intellectual activity score during the 8-year follow-up. This signifies that loss of a lifestyle with interest for health-related information through the mass media including newspaper, book, magazine, and television leads to a decline in intellectual activity and increases the risk of decline in dietary variety. Kumagai et al. (2003) pointed out that higher dietary variety is associated with a reduced risk of high-level functional capacity decline in community dwelling elderly. Moreover, according to the surveys of Fujiwara et al. (2003) and Ishizaki et al. (2000) based on an elderly people living in a Japanese community, maintenance of a high-level intellectual activity is strongly associated with sustaining independence in IADL. Therefore, it is also important for elderly people to maintain a lifestyle that improves intellectual activity.
Some investigators have suggested that since elderly people have a higher interest in health-related information than other age groups, there is a high potential that their behaviors can be modified to maintain their health status and autonomy (U.S. Department of health and human services, 1998). In particular, Fujiwara et al. (2003) reported that the intellectual activity of the elderly can be potentially modified toward a healthy direction through a correct lifestyle. Consequently, to prevent the decline of dietary variety, it is necessary to prepare a plan that improves intellectual activity in addition to the implementation of a nutritional improvement program. For example, even in the case of deteriorated chewing ability due to aging, methods of maintaining dietary variety with underlying efforts to improve intellectual activity will bring out much greater effect. This may take the form of appropriate support in buying food and choosing cooking methods appropriate to the chewing ability.
In summary, we found that DVS decreased with aging in the community-dwelling elderly during an 8-year follow-up. Self-perceived chewing ability and intellectual activity also changed during the 8-year follow-up and these changes had an effect on the decline of dietary variety. In planning future nutritional improvement programs based on the maintenance or improvement of dietary variety, the spouse status and self-perceived chewing ability should be taken into consideration, and measures to create an environment conducive to improving intellectual activity are required.
